; however, few experimental studies have been conducted in PM involving children with TBI. One of the earliest of these was reported by McCauley and Levin (2004) in which children with severe TBI demonstrated impaired event-based PM (EB-PM) performance during an ongoing lexical decision task (i.e., whether the word belonged to a given category or not). In this task, children were asked to press a specific key in response to a nonfocal (Hicks, Cook, & Marsh, 2005) PM cue (e.g., words presented in blue color). Even after the presentation of a reminder of the EB-PM instructions during the ongoing task (given at the same point in the task to all participants), children with severe TBI remained impaired relative to children with orthopedic injury (OI) or mild TBI. Using the same paradigm as that in their previous work with typically developing children (Ward, Shum, McKinlay, Baker-Tweney, & Wallace, 2005) , Ward et al. (Ward, Shum, McKinlay, Baker, & Wallace, 2007 ) used a lexical decision task (word vs. nonword) with two levels of cognitive demand for the ongoing task (shorter vs. longer letter strings). The participants were asked to press a specific key in response to a nonfocal PM cue (i.e., a single italicized letter embedded in the stimuli). They found that children with TBI performed poorly compared to a typically developing control group and that performance was significantly worse (in adolescents) when the ongoing task had high cognitive processing demands compared to the low-demand condition.
The remediation of deficits of EB-PM (remembering to perform an intended action in response to a specific target event or cue; Einstein & McDaniel, 1990 in children following TBI has been rarely investigated in spite of the importance of PM abilities in daily life (Harris, 1984; Meacham & Dumitru, 1976; Meacham & Leiman, 1982; Wilkins & Baddeley, 1978; Winograd, 1988) . The capability to mitigate TBI-related PM deficits in adults significantly predicts the ability to live independently (Fortin et al., 2002; Fortin, Godbout, & Braun, 2003; Thöne-Otto & Walther, 2003; Wilson, 1987) . The issue of independence extends beyond adults with TBI. For instance, in an interview study involving children and adolescents with TBI (Ward, Shum, Dick, McKinlay, & Baker-Tweney, 2004) , parents reported that they had serious concerns for their child's safety and ability to be left unsupervised even briefly because of their substantial PM impairments. The amount of study in PM deficit remediation involving adults with acquired brain injury, TBI in particular, is lacking (Furst, 1986; Raskin & Sohlberg, 2009) , leaving little guidance for rehabilitation professionals to turn to in order to design effective evidence-based interventions. The potential negative impact of impaired PM on academic performance and age-appropriate independent living are just two examples that highlight the practical importance of investigating PM and its possible remediation in children and adolescents with TBI.
In the first known study to investigate PM deficit remediation following pediatric TBI, McCauley, McDaniel, Pedroza, Chapman, and Levin (2009) reported that in their study comparing children with uncomplicated mild or severe TBI ranging from 1 to 15 years postinjury to an orthopedic injury (OI) comparison group with similar demographic and postinjury chronicity characteristics, children in all groups significantly improved their PM performance under a high-motivation (dollar-perpoint incentive) compared to a low-motivation condition (penny-per-point incentive). However, performance in the high-motivation condition of children with severe TBI was still significantly below that of the OI and mild TBI groups' performance in both the high-and the low-motivation conditions.
In a follow-up to this retrospective study using the same experimental procedures, McCauley and colleagues (2010) investigated the effect of monetary incentives in a prospective cohort of children with moderate to severe TBI. In the subacute phase of recovery (i.e., the earliest date after emerging from posttraumatic amnesia, when considered medically stable and could cooperate well enough to participate in a neuropsychological evaluation), children with OI or moderate TBI were able to significantly improve their EB-PM performance in the high-relative to low-motivation condition. Contrary to previous findings, however, children with severe TBI were not able to significantly improve their performance. It remains unclear as to when in the course of recovery that monetary incentives could induce significantly improved EB-PM performance in children with severe TBI.
In our line of research, a monetary incentive was specifically chosen as the extrinsic motivator in this study because providing pocket money/allowance is a common technique used by parents to reinforce the concept of earning income for work performed (Neul & Drabman, 2001) , which teaches children to successfully meet responsibilities at home and in work situations as they enter adulthood (Pastore & Friedman, 1992) . Among Western nations, over 90% of parents report that 6 to 7 years is an appropriate age range in which to start an allowance program (Barnet-Verzat & Wolff, 2002; Furnham, 1999; Furnham & Kirkcaldy, 2000) , and adolescents frequently have had one or more formal or informal part-time jobs of one type or another. It appears reasonable that the concept of receiving money for work performed correctly might be familiar to the participants and could be reasonably introduced as a motivator in experimental tasks.
In the present study, motivation was varied using two levels of monetary incentive (i.e., dollars and pennies); participants exchanged points for units of money (1:1 ratio) based on their accurate PM performance after the EB-PM task was completed. Based on our previous work in children with chronic TBI, we had two main hypotheses: (a) Children at three months following moderate to severe TBI would demonstrate significantly impaired EB-PM performance compared to children with OI, and (b) children with TBI would demonstrate significantly improved EB-PM performance under high-versus low-motivation conditions. TBI severity was appraised by the lowest postresuscitation Glasgow Coma Scale (GCS) score (Teasdale & Jennett, 1974) in the first 24 hours postinjury. Our sample included children ranging in age from 7 to 16 years: 39 children with severe TBI (postresuscitation GCS ≤ 8), 25 children with moderate TBI-either postresuscitation GCS 13-15 with trauma-related intracranial abnormalities on computed tomography (CT) scan of the head at hospital admission (Williams, Levin, & Eisenberg, 1990) or GCS of 9-12 irrespective of CT results-and 51 children who sustained orthopedic injuries (OI) not involving the head (e.g., broken bones, fractures) requiring emergency room treatment. The OI participants had mild to moderate injuries as defined by the Abbreviated Injury Scale (Committee on Injury Scaling, 1990). Children with OI were included to control for risk factors predisposing children to traumatic injury and to equate for other nonspecific factors associated with trauma and hospitalization. All participants were fluent in English, were fullterm births (i.e., ≥37 weeks of gestation and >2,500 g), had no preexisting major neuropsychiatric disorder (e.g., schizophrenia, bipolar disorder), and had no previous hospitalization for head injury. No child in any group had a preinjury history of being retained a grade. As part of the design of the larger study, children were assessed at approximately three months postinjury.
Measures

Socioeconomic Composite Index
The Socioeconomic Composite Index (SCI; Yeates et al., 1997) measures family socioeconomic status (SES) by computing z scores based on aggregate data of the OI and TBI groups for three variables: (a) an 8-point scale coding family income, (b) a 7-point scale of parent/guardian education, and (c) occupational prestige rating using the Total Socioeconomic Index (TSEI; Hauser & Warren, 1997) . The z scores for these variables were summed and standardized as a z score based on the aggregate sample of participants forming the SCI score. The mean TSEI for each respective group was imputed for parents/guardians who were not employed. The SCI has been shown to moderate the effects of severe TBI on long-term outcomes (Yeates et al., 1997) , but thus far has not been shown to have an effect on EB-PM performance in children with either subacute or chronic (McCauley et al., 2009 ) TBI. The SCI was included in this study to determine whether SES influenced EB-PM performance in children with TBI at a more recent postinjury time point.
Event-based prospective memory task
We attempted to make the EB-PM task as naturalistic as possible within the limits of a laboratory setting in order to maximize the ecological validity of the experiment. Using a casual phrase (i.e., "Let's try something different") that would not seem unusual to encounter during a neuropsychological evaluation seemed to be a reasonable compromise between the "real-world" ecological validity of a naturalistic task and the laboratory control of an experimental task (Kvavilashvili, 1992) . The child was asked to repeat the instructions to ensure adequate comprehension of the gist of the task, and instructions were repeated, as necessary, until the examiner was assured that the child adequately understood the nature of the task. The following are the scripts used in the administration of the "naturalistic" EB-PM task. 
Design and procedure
The study used a crossover design with one of two motivation conditions presented during each of the two periods (e.g., either the first or the second one-hour block) with no washout interval between, as previously described in McCauley and colleagues (McCauley et al., 2009) . Briefly, the extrinsic motivation conditions involved the monetary units of either dollars (high) or pennies (low). A randomization table was used to vary motivation condition order across participants. While performing other tasks during the neuropsychological battery (a standard battery order for all participants was maintained to control for ongoing task difficulty), the child was asked to respond "Please give me three points" each time the examiner said "Let's try something different." This EB-PM cue was presented every 15-20 minutes (to accommodate the neuropsychological battery), with three PM cue presentations in each of the motivation conditions; each motivation "period" required one hour. The scoring algorithm for the EB-PM task was 2 points for realizing the delayed intention (PM component) and 2 additional points for recalling the correct phrase (retrospective memory component or RM). Correct responses were awarded 4 points, and responses with incorrect RM content (e.g., "Please give me five points" or "Please give me some points") were awarded 2 points. A maximum of 12 points was available in each motivation condition.
Data analysis
Statistical significance was defined as α = .05 for all analyses unless otherwise specified. Planned comparisons were analyzed holding significance at α = .05, and all post hoc comparisons were adjusted using the Bonferroni correction for multiple comparisons. All analyses were conducted with SAS software for Windows, Version 9.2. Categorical variables were analyzed with either chi-square test or Fisher's exact test as appropriate. The data were analyzed as a crossover design using a mixed model. Sequence (motivation condition order) and period (time factor for repeated measures) effects were included in the model. Sequence was nested within-subject, and the subject variable was treated as a random effect to account for correlation between multiple measures within the same participant. Other main effects of interest included age-at-test (as a continuous variable), gender, SCI (a measure of socioeconomic status), group, race/ethnicity, time postinjury, motivation condition, and two-way interactions between group and age-at-test, sequence, period, and motivation condition.
RESULTS
Sample characteristics
The groups differed significantly by racial/ethnic composition due to the higher percentage of African Americans in the OI group and Hispanics in the moderate TBI group (Table 1) . There were significant differences by age-attest, F(2, 112) = 6.88, p < .02, as the severe TBI group was significantly older than the OI group (p < .05 with Bonferroni correction), but no other between-group comparisons were significant. The groups also differed significantly by mechanism of injury as the OI group sustained more low-velocity injuries (e.g., sports/play) compared to the greater proportion of high-velocity injuries sustained by both TBI groups (e.g., motor vehicle accident, MVA; auto-pedestrian); this difference was also significant between the moderate and severe TBI groups where high-velocity injuries were more frequent in the severe TBI group (Fisher's exact test, p = .028). There was no significant difference between the groups for the postinjury interval of the three-month assessment. The groups did not differ significantly by socioeconomic status (SCI) or gender.
Attrition analyses
As these data were collected as part of a longitudinal study, analyses were performed to determine whether significant differences existed between the sample previously reported by in the subacute phase and the current sample, which could introduce biases affecting the dependent measures. The groups were not significantly different in terms of age-at-injury, age-attest, SCI, or GCS (all p > .05) across the two testing occasions. The retention rate from the McCauley et al. (2010) study to the current study was 84% in the OI group, and 89.3% in the moderate TBI group; in the severe TBI group, however, we actually had 30% more children (39 vs. 30) who were able to participate in the three-month assessment than at the prior endpoint.
Prospective memory performance
The test for a carryover effect (Motivation Condition × Period) was not significant (F = 0). There were no main effects of gender or SCI (both F < 1). Because of significant age differences between the groups and the wide age range of the sample as a whole, the main effect of and interactions with age-at-test were explored; age-at-test was dichotomized based on the median age of the total sample (i.e., <12 years versus ≥12 years) and was included to test the Age × Group interaction. The Group × Sequence (p = .90), Group × Motivation (p = .25), and Group × Age (p = .74) interactions were not significant, and all were removed from the model. The model was then reestimated retaining the significant Group × Period Condition interaction (p = .0009; see Table 2 ). Examination of this interaction revealed that the OI, t(111) = −4.29, p < .0001; Cohen's d = −0.85, and severe TBI, t(111) = −3.27, p = .001; Cohen's d = −0.74, groups performed significantly better in the second than in the first period, irrespective of motivation condition; however, the moderate TBI group failed to demonstrate a similar period effect (p = .13)-this group actually did worse in the second period than in the first irrespective of the motivation condition (Cohen, 1988) . There was no main effect of sequence (F = 0.02), but age-at-test was significant (p = .03) such that PM performance improved with increasing age in all groups. Main effects for motivation condition and group were found in that performance was better in the high than in the low-motivation condition, and the groups demonstrated significantly different EB-PM performance levels.
In planned comparisons to address the hypotheses, the OI group outperformed the moderate TBI group, t(105) = 1.98, p = .05, and both the OI, t(105 = 4.97, p < .0001, and moderate TBI, t(105) = 2.57, p < .02, groups scored better than the severe TBI group. The OI and moderate TBI groups demonstrated significantly better EB-PM performance in response to the high motivation incentive (Cohen's d effect sizes of 0.68 and 0.69, respectively, indicating generally moderate level effects of Note. SCI = Socioeconomic Composite Index.
motivation through monetary incentive condition), but the severe TBI group failed to demonstrate significant improvement (Cohen's d = 0.22; see Figure 1 ). Post hoc analyses of the incentive effect specifically in the high-motivation condition (with Bonferroni correction for multiple comparisons maintained at α < .0083) indicated no significant difference in performance of the OI group compared to the moderate TBI group although a positive trend was noted (p = .08). The OI (p < .0001) and moderate TBI (p < .006) groups, however, both outperformed the severe TBI group in the high-motivation condition. Post hoc analyses in the low-motivation condition again revealed a positive trend (p = .07) for better performance in the OI group than in the moderate TBI group. Whereas the OI group outperformed the severe Figure 1 . EB-PM (event-based prospective memory) leastsquares mean scores by group and motivation condition depict the significant improvements demonstrated within the OI (orthopedic injuries) and moderate TBI (traumatic brain injury) groups under the high-versus the low-motivation conditions, whereas the severe TBI did not. Error bars represent standard errors.
TBI group, t(105) = 4.0, p = .0001, the performance of the moderate and severe TBI groups did not differ significantly (p = .07).
DISCUSSION
The effect of a monetary incentive (i.e., an extrinsic motivator) on EB-PM performance was investigated in children with moderate to severe TBI. Similar to our findings in children in the subacute phase of recovery, we failed to find complete support for our primary hypothesis that children with severe TBI would respond significantly to monetary incentives on an EB-PM task. However, we found partial support for this in that children with OI and moderate TBI were able to significantly improve their EB-PM performance in the face of a high-monetary-incentive condition. These results extend previous results of by further delineating the postinjury timeframe during which this type and level of incentive fails to produce significant remedial results for children with severe TBI. The results of our previous retrospective study also have been extended by the finding of significantly improved EB-PM performance in children with moderate TBI as early as three months postinjury. Future work in the longitudinal cohort will continue to explore when and if this type of deficit-reduction strategy will prove effective with these children. Given the results in the retrospective study of McCauley et al. (2009) , we anticipate that monetary incentives will improve the EB-PM performance of children with severe TBI at an endpoint beyond three months postinjury. We are continuing to collect longitudinal data in this cohort to definitively address this issue.
The question also remains open for further investigation as to how this improved EB-PM performance was achieved in the moderate TBI group. That is, was the effect the result of a generalized effect of arousal in response to reward or the initiation of compensatory PM strategies? Conversely, was the failure of the severe TBI group to improve performance due to the lack of compensatory PM strategies a failure to appreciate the differential nature of the rewards or a substantial failure of arousal to the reward, as has been found to be the case in adults with severe TBI (Larson, Kelly, StiggeKaufman, Schmalfuss, & Perlstein, 2007) . It should be noted that the severe TBI group performed better in the second than in the first period, suggesting that either practice with the task or being reminded of the EB-PM task itself was a benefit to them; however, it is unclear why the moderate TBI group would have actually performed more poorly in the second than in the first period. Future studies in this area are well advised to seriously consider the measurement of physiological and psychological arousal to further delineate these effects in EB-PM.
On the whole, these results support the idea that motivation is an important factor to consider in PM research, not only with children with TBI, but also with typically developing children (Baddeley, 1990; Best, 1992; Einstein & McDaniel, 1996; Gentry & Herrmann, 1990; Winograd, 1988) or children with OI given the improved EB-PM response to a high-value incentive in the OI group of our study. Rehabilitation professionals working with children sustaining TBI should note that, unlike the significant response to incentive demonstrated in these children in the chronic postinjury phase, children with severe TBI at approximately three months postinjury may not benefit significantly in EB-PM performance from some forms of motivation enhancement.
Monetary incentives could easily be incorporated into pediatric rehabilitation programs in a manner similar to that of Furst (1986) where patients were awarded prizes based on the number of points earned in performing an intention. High-priority PM behaviors could be identified for each child (e.g., remembering to bring a memory notebook to the memory group sessions), and a cash-forpoints system could be devised similar to an allowance scheme that the child might already be familiar with. Similarly in an academic setting, PM behaviors such as remembering to bring work to school or completing assignments on time could be rewarded with a cash-forpoints system (e.g., completion of relatively long-term and higher value projects are rewarded more points than completion of daily assignments). However, further study will be needed to explore other types of extrinsic and intrinsic motivators to determine what combination of these factors and their postinjury timing could significantly improve EB-PM following pediatric severe TBI.
While it is common to find gender effects in episodic memory (e.g., relatively better recall of verbal stimuli by females and relatively better recall of visuospatial information by males), the same phenomenon has not generally been found in PM. In fact, several studies of PM in healthy adults have reported a failure to find gender effects (Einstein & McDaniel, 1990; Kidder, Park, Hertzog, & Morrell, 1997; Maujean, Shum, & McQueen, 2003) . Although far less studied, no significant gender effect on PM has been reported in typically developing children either (Kerns, 2000; Kerns & Price, 2001) . Previous work in children with subacute and chronic (McCauley et al., 2009 ) TBI has failed to find a significant effect of gender, and a recent study of EB-PM in children with sickle cell disease has also failed to find a gender effect . Although SES has been shown to moderate outcomes of children with TBI (Taylor, 2004; Taylor et al., 1999; Taylor et al., 2002; Yeates et al., 1997) , no significant effect of SES on EB-PM performance was found in our sample at three months postinjury, and this result is similar to findings in pediatric TBI studies by colleagues (2009, 2010 ) and a recent study in children with sickle cell disease .
There are some limitations in this study that should be addressed. The design of the larger study precluded an assessment of retrospective memory (RM), which could have determined the extent to which poor RM abilities may have accounted for impaired EB-PM performance in these children. However, a number of studies have reported that PM and RM are not strongly associated in adults and healthy elderly (Brandimonte & Passolunghi, 1994; Driscoll,McDaniel,&Guynn,2005; Einstein&McDaniel, 1990; Huppert & Beardsall, 1993; Kidder et al., 1997; Kvavilashvili, 1987; Maylor, 1990; McDaniel & Einstein, 1993; Salthouse, Berish, & Siedlech, 2004) , typically developing children (Kvavilashvili, Messer, & Ebdon, 2001 ), or, most recently, children with sickle cell disease . RM and PM appear to be closely related quite early in development, but tend to dissociate rapidly; there is evidence that by the age of five years, these two memory domains are distinct (Guajardo & Best, 2000; Ruther & Best, 1993) . Findings in adults with TBI have produced contradictory findings on the relation between PM and RM (Groot et al., 2002; Henry et al., 2007; Mathias & Mansfield, 2005) , which may be explained, in part, by differing degrees of RM load in the PM tasks such that when greater demands are made on the RM component, PM and RM become more closely correlated (Einstein & McDaniel, 1990) . It would be advisable to resist generalizing these contradictory results in adults with TBI to children with TBI. It remains to be seen to what degree PM functioning in children with TBI is dependent on RM and medial temporal lobe integrity, or that of other critical brain structures. Future studies would do well to include a formal assessment of RM abilities to further explore this relation. Advanced neuroimaging in children with TBI would help to more definitively elucidate the direct brain-behavior effects of TBI on EB-PM.
CONCLUSION
Our results suggest that EB-PM performance can be improved with the use of monetary incentives in children with OI and moderate TBI. However, these incentives were not effective for children with severe TBI at three months postinjury. Motivation, arousal, compensatory and other strategies to improve EB-PM in these children at this point in recovery following TBI remain to be devised, implemented, and assessed. 
